Purpose Australia has one of the highest incidences of colorectal cancer (CRC) in the world. In 2006, the federal government introduced a screening program consisting of a one-off fecal occult blood test offered to people turning 50, 55, or 65 years. We conducted a population-based study to estimate CRC screening practices existing outside the current program. Methods A total of 1887 unaffected subjects categorized ''at or slightly above average risk'' of CRC were selected from the Australasian Colorectal Cancer Family Registry. We calculated the proportions of participants that reported appropriate, under-and over-screening according to national guidelines. We performed a logistic regression analysis to evaluate associations between over-screening and a set of socio-demographic factors. Results Of 532 participants at average risk of CRC, eligible for screening, 4 (0.75 %) reported appropriate screening, 479 (90 %) reported never having been screened, 18 (3 %) reported some but less than appropriate screening, and 31 (6 %) reported over-screening. Of 412 participants aged 50 years or over, slightly above average risk of CRC, 1 participant (0.25 %) reported appropriate screening, 316 (77 %) reported no screening, and 11 (3 %) reported some but less than appropriate screening. Among participants under age 50 years, 2 % of those at average risk and 10 % of those slightly above average risk reported over-screening. Middle-aged people, those with a family history of CRC and those with a university degree, were more likely to be over-screened. Conclusion Overall, the level of CRC screening participation was low and the vast majority of screening tests undertaken were inappropriate in terms of timing, modality, or frequency.
Introduction
Colorectal cancer (CRC) is a major heath problem. It is the third most common cancer for both men and women and accounts for approximately 9.8 % of total cancer cases and 8.1 % of total cancer deaths worldwide. In 2008, over 1.2 million people were diagnosed with the disease and more than six hundred thousand died from it [1] . Three randomized controlled trials conducted in the 1990s demonstrated the effectiveness of screening-by fecal occult blood tests (FOBT) followed by a diagnostic colonoscopy-to reduce CRC incidence and mortality for people at average risk of the disease, that is, not selected because of specific, personal risk factors [2] [3] [4] . The results of these studies and predictions of an increase in the burden of CRC due to aging populations [5] pushed many countries to engage in a global public health effort to prevent the disease by implementing mass screening programs [6] . As of 2004, there were at least 35 different CRC screening initiatives in 17 countries, including 10 routine populationbased screening programs, 9 pilots, and 16 research projects [7] .
In 2007, 14,234 CRC diagnoses and over 4,047 deaths due to this disease were reported for Australia [8] . With an average of 45.1 new cases per 100,000 individuals diagnosed that year, Australia has one of the highest national age-standardized rates of CRC in the world. This has been the case for both men and women for the last two decades [1] . Australia has been engaged in a CRC prevention policy for more than 13 years, since the publication in 1997 by the Australian Health Technology Advisory Committee (AH-TAC) of an expert report recommending the implementation of CRC screening program [9] . In 1999, Australia's peak medical research body, the Australian National Health and Medical Research Council (NHMRC), published guidelines for the prevention, early detection, and management of bowel cancer [10] (updated in 2002 and 2005) recommending biennial FOBT from age 50 years for people categorized ''at or slightly above average risk'' of the disease, which is the lowest category of risk assigned by the guidelines. In 2006, the federal government introduced a national bowel cancer screening program (NBCSP). In its current form and through to 2014, the NBCSP offers, free of charge, a once only fecal immune test (a modified FOBT) for people turning 50, 55, or 65 years of age to perform in the privacy of their own home [11] . Despite the program only providing screening for a small fraction of those 50 and over, that is, less than recommended by the NHMRC guidelines, there remains a general consensus among medical professionals that the NBCSP provides a valuable step toward a fully implemented population screening program while still falling well short of the recommended biennial screening for people in this age group [12] [13] [14] [15] .
Studies conducted in other countries have consistently documented low uptake of CRC screening and identified several barriers to people's participation in CRC screening [16] [17] [18] [19] . Consistent with the international experience, the data from the NBCSP suggest that only around 40 % of people invited to screen actually perform the test. Further, as we have only a very limited understanding of what the Australian screening practices are outside of the NBCSP, we have no baseline reference for CRC screening data against which the performance of the NBCSP can be compared.
Our goal was to describe CRC screening practices specific to people categorized ''at or slightly above average risk'' of the disease, as per their family history of CRC, by analyzing self-reported screening data for participants in the Australasian Colorectal Cancer Family Registry (ACCFR) study. We report population-based and testspecific screening participation levels and the associations between screening and a set of socio-demographic factors provided by the participants.
Materials and methods

Subjects
This study is based on a population sample from the ACCFR which is a large case-control family study and part of an international consortium funded by the United States National Cancer Institute, designed to address specific research questions of colorectal cancer etiology. Details of the method have been reported elsewhere [20] .
In brief, participants were recruited via populationbased case-probands and population-based control-probands. Case-probands were residents of the Melbourne metropolitan area between 1997 and 2001 who were diagnosed when aged between 18 and 59 years with an incident first primary adenocarcinoma of the colorectum and identified by the Victorian Cancer Registry. People having had a previous diagnosis of CRC or FAP were excluded. Attempts were made to recruit adult first-and second-degree relatives (parents, siblings, offspring, aunts, uncles, and grandparents) of all case-probands as well as their spouses/partners. In addition, all first-degree relatives of any participant with a diagnosis of CRC were sequentially ascertained. Approaches to the relatives of caseprobands were made after obtaining permission from the probands to contact these relatives.
Population control-probands, frequency matched to the age and sex of the case-probands, and registered as living in the Melbourne metropolitan area were identified from the federal electoral register (registering to vote is compulsory for all Australians 18 years old and over). Similarly to the case-probands, control-probands were asked permission to contact their first-and second-degree relatives regarding participation in the ACCFR. Figure 1 summarizes the ACCFR subject recruitment and participants' selection to the current study.
Data collection
A risk factor questionnaire and a family history of cancer questionnaire were administered to all participants at baseline. Questionnaires were administered by face-to-face interviews with the probands and telephone interviews with their relatives. All participants were asked to provide information on: the same side of the family with CRC diagnosed at any age); • ''Potentially high risk'' (three or more first-degree relatives or, a combination of first-and second-degree relatives on the same side of the family diagnosed with CRC or, two or more first-or second-degree relatives on the same side of the family diagnosed with CRC including any of the following features (first-or second-degree relative with multiple CRC, first-or second-degree relative who has/had an Lynch Syndrome-related cancer (such as endometrial, ovarian, stomach, small bowel, renal pelvis or ureter, biliary tract, or brain cancer) [21] .
Participants with a personal history of CRC and those with no personal history of disease but classified as ''at moderately increased risk'' or ''at potentially high risk'' were excluded from this study, leaving only those, ''at or slightly above average risk.''
Screening participation
Screeners were defined as those participants who reported having ever undergone a FOBT, sigmoidoscopy, or colonoscopy as a regular checkup or because of their family history of CRC. Non-screeners were defined as those participants who did not report any screening or those who had reported having undergone FOBT, sigmoidoscopy, or colonoscopy but only to investigate a new problem or as follow-up of a previous problem (i.e., we assumed that the tests for these participants were diagnostic). Screening participation was classified as either: less than appropriate screening, appropriate screening, or overscreening based on the existing NHMRC guidelines for the specific risk group [10] .
For both categories of risk: ''at average risk'' and ''slightly above average risk,'' appropriate screening for participants aged 50 years and older, was defined as having one screening FOBT every 2 years or one sigmoidoscopy every 5 years. For these participants, less than appropriate screening was defined as never having had a CRC screening procedure or having undergone a screening FOBT more than 2 years prior to interview or a sigmoidoscopy more than 5 years prior to interview. Overscreening was interpreted as having ever had a ''screening'' colonoscopy or having had a FOBT or a sigmoidoscopy with intervals of \2 and 5 years, respectively.
For participants in the ''at or slightly above average risk'' group aged \50 years, appropriate CRC screening was defined as never having undergone a screening procedure. For these participants, therefore, under-screening was not possible and over-screening was defined as ever having had any screening test.
Radiological colonography was not considered as part of this study due to its rare use as a screening tool and that it is a non-rebated (therefore difficult to confirm) investigation for this indication in Australia.
Statistical analysis
Proportions of participants that reported appropriate, less than appropriate, and over-screening were calculated by age group and CRC risk category for each screening modality. Participants in each risk category were compared using the Pearson v 2 test of independence. A logistic regression analysis was performed to estimate the association, as odds ratios (OR) and their 95 percent confidence intervals (CI), between the outcome: overscreening and the explanatory variables: age, education (tertiary vs. other), marital status (married or living as married vs. other), socioeconomic status defined using participants' residential postcode, and the 2001 index of relative socioeconomic disadvantage (IRSD) [22] (1-4 most disadvantaged deciles vs. 5-7 moderately disadvantaged deciles vs. 8-10 least disadvantaged deciles), family history of CRC defined as having at least one first-or second-degree relative diagnosed with CRC (yes vs. no), regular physical activity (at least 30 min a week for a minimum of 3 consecutive months in the most recent decade of life vs. less activity), body mass index (\25 kg/m 2 vs. C25 kg/m 2 ), cigarette smoking (ex-smoker vs. current smoker vs. never smoked), number of years lived in Australia ([20 years vs. B20 years), diabetes (affected vs. non-affected), high cholesterol (affected vs. non-affected), and personal history of any cancer apart from CRC (yes vs. no). These variables were selected based on prior studies suggesting an association with either CRC risk or screening practices [23, 24] .
Variables with a p value B0.25 in the univariate analysis were selected for inclusion in a multivariate analysis. A parsimonious model was determined by including variables significant at a p value of 0.05. We used clustered robust standard errors to account for intra-class correlation due to non-independence of family members. For all variables, any records including a response that was described as ''missing'' or ''do not know'' were excluded from all analyses. Participants who did not provide sufficient information on screening practices were also excluded from the analysis. All statistics were calculated using STATA version 11.
Results
Of 3,845 participants who completed the baseline questionnaire, 1,887 participants (50.3 %) met the inclusion criteria for having no diagnosis of CRC and being either, at or slightly above average risk of developing CRC. Table 1 shows participants' characteristics by risk category.
Participants ''at average risk'' of CRC Based on their family history of colorectal cancer, 1,037 participants were categorized as being at average risk of CRC. Of these, 532 (51 %) were aged 50 years or over and, therefore, eligible for screening by the existing screening guidelines. Of these, 479 (90 %) reported never having been screened, 18 participants (3 %) reported some, but less than appropriate CRC screening. Only four participants (0.75 %) reported a modality and frequency of screening consistent with appropriate screening and 31 participants (6 %) were categorized as ''over-screeners'' due to the use of colonoscopy as the screening procedure (Fig. 2a) . For those aged less than 50 years and, therefore, not recommended to have any screening, 12 participants (2 %) reported having undergone a CRC screening procedure (Tables 2 and 3 ).
Participants ''at slightly above average risk'' of CRC About 850 participants were categorized as being slightly above average risk of CRC. There were 412 participants aged over 50 years in this risk group of whom 316 (77 %) reported no screening and 11 (3 %) reported some, but less than appropriate, screening. Only one participant (0.25 %) reported appropriate screening, as defined by the existing guidelines. Over-screening practices were identified for 84 (20 %) participants older than 50 years. For people aged less than 50 years, 395 (90 %) reported no CRC screening which is appropriate for this age category, but 43 (10 %) underwent a CRC screening procedure, which for 90 % of these participants was a colonoscopy (Fig. 2b ).
Factors associated with CRC screening
The factors associated with over-screening are summarized in Table 3 . The likelihood of over-screening increased markedly with age. Participants aged 40-69 years old were between five and seven times more likely to be overscreened compared with those aged 18-39 years old. Having a high level of cholesterol was also a significant predictor for over-screening. Participants with a tertiary education were almost twice as likely to be over-screened. Family history of CRC was also a strong predictor of overscreening. Participants with a first-or second-degree relative diagnosed with CRC were at least five times more likely to have a colonoscopy as a primary screening procedure (Table 4) .
Discussion
We report the first population-based estimate of CRC screening participation for Australian adults considered to be ''at or slightly above average risk'' of the disease, using a guideline-derived definition of CRC screening. In reality, given that a substantial proportion of the population must be below the mean for risk of CRC, this category also includes those below the average risk of developing the disease. Overall, we identified a very low level of appropriate CRC screening uptake by eligible people. Of those recommended biennial FOBT or 5-yearly sigmoidoscopy, around eight in ten reported never have had any screening procedure and only one in 200 participants reported having had appropriate CRC screening. For those not recommended to have any screening, one in 16 reported having had a screening procedure, a large majority (80 %) being people with a family history of CRC.
Estimates of CRC screening uptake from the current study are consistent with previous reports of CRC screening participation for the Australian population. Cockburn et al. estimated screening participation by people aged over 50 years to be around 10 % for screening endoscopy [25] compared with 12 % in our study. Other reports have estimated the level of FOBT screening between 4 and 20 % [26, 27] compared with 5 % in our study. Comparability of these estimates with our findings and across studies is difficult given investigators having used different conceptual and operational definitions of CRC screening.
In our analysis, we distinguished between participants at average and those at slightly above average risk of CRC, based on the terminology and classification used in the NHMRC guidelines [10] . We found that CRC screening participation was extremely low for both sub-categories. We also observed that most of the over-screening was reported by participants who were at slightly above average risk, that is, one person in five for participants aged 50 years or older and one in ten for those aged \50 years. This corresponds to more than 90 % of the screening procedures reported by screeners in this risk group, compared with 66 % of the procedures reported by those at average risk of CRC. Overall, these results show that a large proportion of screeners with no or a relatively weak family history of CRC had an endoscopic procedure (mainly colonoscopy given that \1 % of the screeners reported having had a sigmoidoscopy) as their primary CRC screening modality. This can be related to a poor understanding among clinicians of how the risk of CRC varies with history of the disease in the patient's family. More research is needed to measure the impact of these unnecessary tests in terms of cost and potential harm for people receiving them. One of the main strengths of our study is its use of a guideline-based definition of CRC screening participation. This was possible because of the family-based design of the ACCFR and our systematic data collection from all participants and systematic attempts to validate information provided by relatives. Also, unlike previous studies, we have been able to discriminate between screening and diagnostic procedures and to exclude people with above average risk of CRC from the analysis. This approach provides accurate and reliable screening estimates, and allows an understanding of their potential public health impact [28] .
There are several plausible explanations for the low level of CRC screening participation observed. A survey of one thousand persons aged 40-60 years living in Victoria in 1998 has shown that there was a poor understanding of CRC screening by people at average risk, with only 12 % indicating any knowledge of FOBT screening [29] . Lack of CRC screening awareness among doctors might also explain the low level of screening participation observed. It has been shown that medical practitioners are often not familiar with CRC screening guidelines or not proactive in implementing them [30] , and several studies have demonstrated that patients' compliance with guidelines is unlikely without the influence and encouragement of their doctor [31, 32] . A study of 213 general practitioners in Western Australia found that 67 % believed that screening was not warranted for any people at average risk of CRC [33] . More generally, the low level of CRC screening reported in this current study by the ACCFR participants, along with the over-screening practices observed for more than 12 % of screen-eligible people, might reflect confusion among patients and physicians, and the lack of coherence in the Australian CRC prevention policy.
As the first version of the NHMRC guidelines on CRC screening was introduced in 1999, 2 years after the beginning of the ACCFR recruitment phase and 3 years before the final recruitment of participants for this analysis, it is not possible to ascribe all the inappropriate screening to under-utilization of the guidelines. Another limitation is that our analysis is based on a one-time survey of participants, so we do not know whether personal screening practices have changed over time. A longitudinal study is needed to fully determine peoples' screening behavior. The ACCFR is currently conducting follow-up surveys of all participants five-years after recruitment, and these data will be available in due course.
It is possible that the current level of CRC screening of the general population is higher than the estimates reported in this study. Results from the New South Wales Health Survey Program have estimated that in 2009, nearly 20 % of adults aged 50 and over had a screening FOBT in the last 2 years before interview [34] . In a community survey conducted in the Hunter region, New South Wales, Courtney and colleagues also found a 20 % participation rate to FOBT screening [35] , compared with \1 % in our study. However, a direct comparison with our results may not be appropriate as both studies failed to ascertain family history of CRC; therefore, a proportion of the survey participants may have been incorrectly categorized as ''at or slightly above average risk.'' Overall, one can assume that the consensus among health professionals, which has led to the publication of the NHMRC guidelines, has certainly improved consistency in screening recommendations by clinicians [14] . The introduction of the NBCSP might also have contributed to increased CRC screening awareness and participation by the population.
We consider that our results remain relevant to the current pattern of Australian CRC screening behavior, as the impact of the national guidelines and the NBCSP, in terms of CRC screening participation improvement as recommended by the NHMRC guidelines, has been limited. First, the publication of practice guidelines is insufficient, on its own, to change patients' medical behavior [16, 36] . Second, the inconsistencies between the local and the different international CRC screening guidelines available might generate confusion among doctors and prevent them from implementing the appropriate recommendations [37] which might explain the high level of colonoscopy screening reported by participants. Third, the 40 % participation (37 % for men and 43 % for women) in the NBCSP in 2009 [38] indicates the limited impact that the current program has had since its introduction, which might reflect the population's low level of CRC screening awareness or acceptability of the screening procedure.
A large number of studies have investigated and identified lifestyle, health, and socio-demographic characteristics associated with CRC screening in the general population [39] [40] [41] [42] [43] . Among these characteristics, male gender, older age, marital status, higher education, higher income, urban area of residence, and ethnicity have been consistently identified as predictors of screening uptake. Other predictors include: smoking history, chronic disease, and family history of CRC as well as health care access, delivery, and utilization factors [42] . None of the current studies however have investigated over-screening and its potential predictors. To our knowledge, this is the first study to investigate the predictors of over-screening for CRC in the general population. We found that older age was the strongest predictor of overscreening. Participants with a family history of CRC and those who had a university education were also more likely to be over-screened. This suggests that there is confusion around the notion of family history of CRC in the general population and a limited understanding of the true disease risk related to it. In a recent systematic review, Holden and colleagues highlighted the lack of research on the problem of overscreening [44] . Our study contributes to addressing this gap. Future research on CRC screening practices should systematically include over-screening as a possible behavior and measure its prevalence in the population. This could lead to the identification of additional predictors of over-screening and overall, allow a better monitoring of the CRC screening activity in the population.
Our findings of low screening uptake might be alarming but are overall in line with trends observed in previous Australian and international studies. The quasi-absence of appropriate screening participation among screen-eligible people and the significant amount of over-screening reported show that the current guidelines are not being implemented. Further, over-screening utilizes resources that could be used to improve screening and follow-up for eligible people [45] . It also unnecessarily exposes people to potential adverse events associated with screening and more particularly with colonoscopy screening [46] .
In this sense, our findings highlight the gaps in the Australian CRC screening prevention policy and are of particular relevance given the steady increase in CRC incidence that has been observed in Australia for the last 20 years despite a continuous increase in the number of colonoscopies performed [14, 47] . Effective screening strategies known to be beneficial to the population exist, and there is an urgent need for researchers and health policy makers to develop methods to implement them, and overall improve the appropriate use and quality of CRC screening [44] . As for the current NBCSP and the uncertainties surrounding its full implementation and funding beyond 2015 [48] [49] [50] , our findings constitute a good indicator of what CRC screening participation might be in a system based on opportunistic screening. The results of this study call for the necessity of a fully implemented and evidence-based CRC screening program where significant progress in CRC prevention can be achieved. Conflicts of interest The authors declare that there are no conflicts of interest.
